Since the U.S. Public Health Service began recording statistics on trichinellosis in 1947, the number of cases reported by state health departments has decreased steadily. In the late 1940s, health departments reported an average of 400 cases and 10-15 deaths each year. From 1991 to 1996, the period covered in this report, three deaths in 230 cases were reported to the Centers for Disease Control and Prevention (an average of 38 cases per year), including 14 multiple case outbreaks from 31 states and Washington, DC. Information on the suspected food item was available for 134 (58%) of the 230 reported cases. Pork was implicated in 80 (60%) cases, bear meat in 31 (23%), walrus meat in 13 (10%), and cougar meat in 10 (7%). Sausage was the most frequently implicated pork product (i.e., 57 of the 64 cases for which the form of the pork product was identified). The proportion of trichinellosis cases attributable to consumption of commercial pork continued to decrease; this decrease was probably due to a combination of factors, including the continued reduction in the prevalence of Trichinella spiralis in domestic swine, the increased use of home freezers, and the practice of thoroughly cooking pork. As a proportion of all cases reported, those associated with wild game meat products has increased; however, the absolute numbers of such cases have remained similar at approximately 9-12 per year. The continued multiple case outbreaks and the identification of nonpork sources of infection indicate the need for further education and control measures.
Human trichinellosis, a parasitic nematode infection with worldwide distribution, is caused by tissue-dwelling roundworms of the species Trichinella spiralis. The organism is acquired by eating raw or inadequately cooked meat products containing encysted larvae. Abdominal pain and diarrhea, the first symptoms of trichinellosis (the gastrointestinal phase), correspond to the maturation of the adult worms in the first week after ingestion. The classic symptoms of periorbital edema, fever, and myalgia occur when the larvae are encysting in the muscle, approximately 2-3 weeks after the infected meat is eaten. Historically, pork products from domestic swine have been the principal sources of infection in the United States, however, meat from a variety of game animals has also been responsible for infections in humans.
Between 1947 and 1951, the first period of recorded trichinellosis cases, approximately 400 cases with 10-20 deaths each year were reported. 1 This number decreased steadily and between 1982 and 1986, an annual average of only 57 cases were reported; between 1987 and 1990, the average annual incidence was 52 cases. 2, 3 Review of the cases of trichinellosis reported to the Centers for Disease Control and Prevention (CDC) from State Health Departments through the National Electronic Telecommunications System for Surveillance (NETSS) between 1991 and 1996 indicates that the decreasing trend in the average number of cases reported each year continues primarily as a result of fewer cases associated with the ingestion of pork products. No change in the surveillance system can account for this trend.
MATERIALS AND METHODS
State health departments report new cases of trichinellosis by week to the NETSS. Supplemental epidemiologic information is submitted by the reporting state on Surveillance Case Report Forms (CDC Form 54.7, Rev 2-90) to the Division of Parasitic Diseases (DPD), National Center for Infectious Diseases, CDC. Additional cases are identified through reported results of trichinellosis serologic tests per-formed by DPD laboratories, and through investigations conducted by state or DPD epidemiologists.
The CDC case definition for trichinellosis is as follows: 1) Trichinella-positive muscle biopsy or a positive serologic test for trichinellosis in a patient with one or more clinical symptoms compatible with trichinellosis, such as eosinophilia, fever, myalgia, and periorbital edema, or 2) in an outbreak, at least one person meets criterion #1. Associated cases are defined by either a positive serologic test result for trichinellosis or one or more clinical symptoms compatible with trichinellosis (such as eosinophilia, fever, myalgia, and periorbital edema) among persons who ate the epidemiologically implicated meat product.
As in the past, cases reported by the states are not included in this report if they did not fit the case definition. For the purposes of data analysis, commercial pork products are defined as pork purchased at supermarkets, butcher shops, wholesale meat suppliers, or public eating places.
RESULTS
From 1991 to 1996, three deaths among 230 cases of trichinellosis, including 14 multiple-case outbreaks, were reported to CDC from 31 states and the District of Columbia (Table 1) . Five states reported the most cases: Wisconsin 47 (20%), Alaska 45 (20%), California 24 (10%), New York 16 (7%), and Illinois 13 (6%). Of the 230 cases, 121 (53%) occurred among males while 105 (46%) occurred among females; four cases did not have information on gender. Fortyeight (21%) cases were reported among persons 16-30 years of age, 75 (33%) cases were reported in people 31-45 years of age, and 53 (23%) cases were reported in persons 46-60 years of age ( Table 2) .
One hundred one (44%) patients reported at least one classic symptom or sign of trichinellosis: 84 (83%) had myalgia, 75 (74%) had eosinophilia, 63 (62%) had fever, and 29 (29%) had periorbital edema. Among those with eosinophilia, 26% had an eosinophil level of 5-15%, 42% a level of 16-35%, 15% a level of 36-45%, and 18% a level of 46% 0  0  3  3  3  4  0   5  9  48  75  53  26  14   2  4  21  33  23  11  6   Total  65  55  23  43  31  13  230  100% or higher. Three persons with reported trichinellosis died. One trichinellosis-related death was reported in 1991 in a 54-year-old man. In 1994, two unrelated trichinellosis deaths were reported in a 32-year-old man and a 66-year-old woman. No other clinical information or history of food consumption was available. Information on the type of contaminated food product consumed was available in 134 cases ( Table 3) . Seventyeight (58%) of the case-patients reportedly consumed domestic pork, and 56 (42%) reported eating wild game. Two persons who reported eating pork also reported consuming a burger-like product but the actual type of ground meat was unclear.
Among the 78 cases in which consumption of domestic pork was reported, persons in 57 cases (73%) obtained the meat from a commercial source, (i.e., 48 from a supermarket, three from a butcher shop, and six from a restaurant). The remaining 21 (27%) case-patients obtained the implicated meat directly from a farm, a hunter, or other unknown sources. Information on the manner in which the pork was processed was available for 61 cases. Forty eight (79%) of these 61 case-patients reported eating uncooked pork.
Among the 56 cases in which consumption of game meat (i.e., boar, bear, walrus, or cougar) was reported, 45 persons (80%) obtained the meat from a farmer or hunter, eight (14%) from other sources (i.e., a friend or neighbor), and three (5%) from an unknown source. Information on the manner in which the meat was processed was available for 51 cases. Forty (78%) of these 51 cases reported eating uncooked meat.
From 1991 to 1996, 14 multiple-case outbreaks were reported from seven states and involved 100 persons (Table  4 ). In 100 cases, 55 were males and most (84%) were between 16 and 60 years of age. Four major outbreaks (i.e., involving more than five persons each) were reported from three states: two outbreaks in Alaska involving 13 persons and seven persons, respectively, an outbreak in Wisconsin involving 40 persons, and an outbreak in Idaho involving 10 persons. The implicated foods in the Alaskan outbreak of 13 persons involved the consumption of uncooked polar bear meat obtained from a hunter and made into jerky. In the second Alaskan outbreak, uncooked walrus meat was implicated. The Wisconsin outbreak involved the consumption of pork prepared as sausage and obtained from a shop. In Idaho, cougar meat, obtained from a hunter and reportedly made into jerky, was implicated.
DISCUSSION
Although the incidence of trichinellosis has decreased substantially since national reporting was initiated in 1947, the continued identification of cases related to commercial pork consumption, infections from nontraditional sources, such as walrus meat and cougar meat, and the histories of consumption of uncooked meat indicate the continuing need for public education about trichinellosis and the dangers of consuming inadequately cooked meat.
During the period 1991-1996, an average of 38 cases were reported per year to CDC, a decrease from 52 cases reported per year from 1987 to 1990 ( Figure 1 ). 2 Of the 230 reported cases from 1991 to 1996, 44% were associated with multiple-case outbreaks, a decrease from 83% of cases associated with multiple case outbreaks from 1987 to 1990.
Compared with the period from 1987 to 1990, when 85% of the patients reported at least one common symptom or sign of trichinellosis, only 44% of the patients reported a common sign or symptom from 1991 to 1996. The percentage of patients reporting myalgia was similar between the two time periods, (i.e., 83% for 1991-1996 versus 77% for 1987-1990; P ϭ 0.6). The percentage of patients reporting fever, however, was different, i.e., 62% for 1991-1996 compared with 76% for 1987-1990 (P ϭ 0.04). In addition, there were greater differences between the percentage of patients who presented with eosinophilia and who reported periorbital edema, i.e., 74% of patients reported eosinophilia from 1991 to 1996 compared with 47% from 1987 to 1990 (P Ͻ 0.01), and only 29% of the patients reported periorbital edema from 1991 to 1996 compared with 64% from 1987 to 1990 (P Ͻ 0.01). The difference in the percentage of patients with clinical information between the two time periods, (i.e., 85% compared with 44%) could account for these differences.
From 1991 to 1996, five states reported most trichinellosis cases. Of these five, two states, Alaska and California, were among the five states reporting the most trichinellosis cases in 1987-1990. Alaska has traditionally been associated with a high incidence of trichinellosis due to the practice of consuming wild animal meat. 3 Compared with previous years, during the period from 1991 to 1996, the proportion of cases due to the consumption of domestic pork decreased while the proportion of cases due to consumption of wild game increased. For example, from 1991 to 1996, the proportion of cases associated with the consumption of domestic pork decreased 13% compared with the period from 1987 to 1990, i.e., 58% versus 71%, respectively; P Ͻ 0.01. Of the cases associated with the consumption of domestic pork during the period 1991-1996, 27% reported obtaining the meat from a noncommercial source compared with 12% from 1987 to 1990. While 29% of reported cases from 1987 to 1990 were associated with the consumption of wild game meat, from 1991 to 1996, 42% of all reported cases, for which such information was provided, were associated with the consumption of wild game meat (P Ͻ 0.01). Specifically, in comparison with the time period 1987 through 1990, from 1991 through 1996, the percentage of bear meat associated cases increased 16% and the percentage of cougar meat-associated cases increased 7%. It must be noted, however, that the relative increase in the proportion of cases related to wild game meat products is a function of the decrease in numbers associated with commercial pork; the absolute number of cases associated with wild game meat has remained similar to most previous years (9-12 per year). Nevertheless, it is clear that educational messages about the risks associated with consuming improperly cooked meat are not reaching all persons who consume wild game meat.
Outbreaks of trichinellosis involving wild game meat, e.g., in Idaho in 1995 involving cougar jerky, 4 emphasize the need to modify the traditional way the public is educated about Trichinella. Trichinellosis in the United States has been associated historically with consumption of improperly cooked pork products. 5 However, as these and other data demonstrate, other types of meat can be associated with trichinellosis infections in humans, i.e., bear, walrus, fox, and recently, cougar. [2] [3] [4] [5] [6] [7] [8] In addition, horse meat from the United States was implicated in 23 cases of trichinellosis in France in 1991, although there were no associated cases in the United States, perhaps due to the infrequent consumption of horse meat in the United States. 9 Any person consuming meat products, especially wild game, should be aware of the risk of trichinellosis infection. In addition, the reports of trichinellosis from home prepared jerky should serve as a reminder of the risk associated with such procedures. Proper food preparation steps should be taken to prevent transmission. At the same time, for cultural reasons, some individuals may choose to consume undercooked meat. Case investigations of trichinellosis cases should assess the rationale and beliefs among such individuals to help in the development of culturally sensitive and appropriate health educational interventions.
Regulations for preparing pork for consumption state that pork must be heated to at least 137ЊF, which is above the death point for Trichinella larvae and is usually achieved if the meat is cooked until it is no longer pink. 5,7 Guidelines for preparation of pork in the home recommend cooking to reach an internal temperature of 160ЊF. In addition, pork less than six inches thick can be rendered safe if frozen to 5ЊF (Ϫ17ЊC) for 20 days, Ϫ10ЊF (Ϫ23ЊC) for 10 days, or Ϫ20ЊF (Ϫ29ЊC) for six days. However, freezing may not be an effective method for killing strains of Trichinella normally found in wildlife. For example, the cougar meat implicated in the 1990 outbreak was reportedly frozen for two weeks (Gamble R, unpublished data). Microwave cooking may not be sufficient to inactivate Trichinella larvae (because of uneven heating) unless a microwave cooking bag is used as well. 5 The decreasing incidence of cases of human trichinellosis is associated temporally with a continuing decrease in the prevalence of the infection in market hogs. At the turn of the century, it was estimated that 2.5% of market hogs were infected. In 1970, the prevalence in pigs was determined to be 0.12%, 10 and this has decreased substantially since then. A serologic survey of pigs performed as part of the National Swine Survey in 1995 gave an infection rate of only 0.013%; thus, infection rates for trichinae in pigs are now extremely low. Current efforts by the United States Department of Agriculture are aimed at monitoring hog farms for risk practices for trichinella infection with the goal of eventual certification of trichinae-free herds; when implemented this program is expected to ultimately reduce the rate in swine even further (Murrell D, U.S. Department of Agriculture, 1995, unpublished data). 11 Public education concerning the potential dangers of eating any raw meat product and those of wild game in particular will continue to be the key to prevention of trichinellosis among persons who eat wild game meat. 
